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Introduction
Breast cancer is the most common cancer in women with approximately 1.15 million new cases diagnosed annually and increase in death rate with passing years becoming a significant problem worldwide. STK11 protein, also known as LKB1, is one of the protein kinase that encodes from STK11 gene and acts as a tumor suppressor. STK11 was discovered as a mutant gene in patients with Peutz-Jeghers syndrome (PJS) (Peutz 1921) . The risk of developing breast cancer in PJS patients is 8% at the age of 40 and reaches 45% by the age of 70 (Hearle et al. 2006) . Also mutations in STK11 gene have been found in patients of breast cancer without PJS. Furthermore, loss of STK11 expression leads to papillary breast carcinoma (Esteller et al. 2000) . This shows that STK 11 gene is an important candidate to explore in breast cancer studies.
The STK11 protein plays many roles in cell biology at nuclear and cytoplasmic localization. It is a master kinase that regulates diverse cellular processes, including cell cycle arrest, p53-mediated apoptosis, cell polarity and energy metabolism by activating different kinases, the important ones being AMPK (Baas et al. 2004 ). Interestingly, STK11 can play an oncogenic role rather than tumor suppressor, which confers a survival advantage under special circumstances, contributing to cancer cell evolution and the rise of progressive cell populations. This controversial expression may be correlated to the different processes of tumorigenesis. It was previously reported that STK11 acts as a coactivator in estrogen receptor (ERa) signaling, the enhanced expression of which has been associated with increased breast cancer risk (Nath-Sain and Marignani 2009). Furthermore, Akt phosphorylation of pro-apoptotic proteins which is supported by STK11 leads to suppress apoptosis in tumor cells (Zhong et al. 2008) . Although, there is some information in the molecular roles of STK11 in controlling cellular processes, but little is known about its transcription regulation. Promoters carry the central regulatory information of genes, therefore, their correct annotation and characterization is vital to understand gene function. STK11 promoter has distinct cis-regulatory elements, including three CCAAT boxes and GCbox that critically affect STK11 gene expression. These cisacting elements are able to bind to transcription factors such as specificity protein 1 (Sp1), nuclear transcription factor Y (NF-Y) and the two ubiquitous transcription factors involved in the regulation of various other genes (Mantovani 1999; Suske 1999) . Also, FOXO3 and FOXO4 activate STK11 gene transcription through interaction with recognition site GTAAACAA (Furuyama et al. 2000) . The present study aimed to examine the differential expression of STK11 gene by real-time PCR and its relation to the differential promoter activity in cancerous MCF-7 cell lines and normal breast MCF-10.
Material and method
Reverse transcription (RT) and real time PCR RT-PCR was conducted to quantify the expression level of STK11 gene. Trizol reagent (Sigma) was used to extract total RNA from MCF-7 and MCF-10 cells, cDNA was prepared and reverse-transcription was performed using iScriptTM Select cDNA Synthesis Kit (BioRad) with Oligo (dT) primers as directed by the manufacturer. Briefly, 2 lg total RNA, 2 ll of Oligo (dT) primers mix, 4 ll 5X iScript select reaction mix and 1 ll of iScript Reverse transcriptase, made up to 20 ll with nuclease-free water was incubated at 45°C for 2 h. The reverse transcriptase was inactivated at 85°C for 5 min and cDNA was stored at -20°C.
Quantification of human STK11 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) transcript was performed on the LC-480 system (Roche) in triplicate using primers (STK11-F, 5 0 GCCGGGACTGACGTGTAGA 3
0 ACAGTCAGCCGCATCTTCTT 3 0 and GAP DH-R, 5 0 TTGATTTTGGAGGGATCTCG 3 0 . GAPDH was used as the internal control to normalize template loading quantity. Each reaction contained 5 ll cDNA, 10 ll Master Mix 2X concentration, 3 ll PCR grade water and 2 ll primer (5 lM), in a final volume of 20 ll.
Cycling conditions were one cycle at 95°C for 5 min, followed by 45 cycles of 95°C for 20 s, 60°C for 15 s, and 72°C for 20 s and melt peak determination. Relative mRNA levels were calculated and results were presented as fold relative to indicated controls.
Cloning
The STK11 promoter reporter construct was generated by amplifying a 3995 bp fragment of the STK11 promoter using primers STK11prom-XhoI-F 5 0 CGGGAATCTC GAGTTGGAAATTCAGTG TGTAGGGCA 3 0 and STK11prom-HindIII-R 5 0 AAAGCGCAAGCTTCAACAA AAACCCCA AAAGGA 3 0 resulting in amplification of a product containing XhoI and HindIII restriction enzyme cleavage sites to clone into pGL3-basic firefly luciferase expression vector (Promega), forming STK11-pGL3 after enzymatic digestion.
Cell culture, transient transfections, and reporter gene assays MCF-7 human breast cancer cells (ATCC) were maintained in 1:1 mixture of DMEM/F12 medium supplemented with 10% (v/v) FBS (Invitrogen), 1% penicillin and streptomycin. MCF-10A was maintained in DMEM/F12 media fortified with 1% HuMEC supplement (Gibco), 10% FBS and 1% penicillin and streptomycin (Invitrogen). 80% confluent MCF10 and MCF7 cells were subcultured in 24-well plates. Transfection of STK11-pGL3 constructs (800 ng) together with Renilla luciferase phRL-TK vector (200 ng) (Promega) was performed with Lipofectamine 2000 (Invitrogen). MCF7 and MCF10 cells were transfected with these vectors together with the Renilla luciferase phRL-TK vector to normalize for variation in transfection efficiency. After 24 h, Cells were lysed in 200 ll lysis buffer and the cell debris was removed by centrifugation. Reporter assays were performed using the dual luciferase assays system (Promega). Firefly luciferase activity was normalized by renilla luciferase activity, and the fold increase relative to pGL3-basic was calculated.
Statistical analysis
The level of expression in the MCF-7 cells was compared to the level of expression in MCF-10 cells. The relative gene expression was calculated using the 2 ÀDD C t method (Livak and Schmittgen 2001) . The data were presented as the mean ± SE. Statistical analyses were carried out using IBM SPSS version 22 statistical software (IBM SPSS, Chicago, IL, USA) and correlations between promoter and gene expression were carried out by Microsoft Excel Ò . Independent samples were analysed using Student's t test using in silico online analysis software. Statistical differences were considered significant if the p value was less than 0.05 (denoted by stars *p \ 0.05; **p \ 0.005; ***p \ 0.0005).
Results
Evaluation of STK11 mRNA levels in MCF-7 and MCF-10 cells showed that STK11 transcript was significantly more abundant in MCF-7 cells when compared to MCF-10 cells by reverse transcription PCR. The transcript was 6.63 9 10 10 -fold abundant in MCF-7 cells relative to MCF-10 cells (p value B 0.0005) (Fig. 1) .
To determine whether changes in STK11 mRNA levels could be transcriptionally regulated, a proximal promoter of the human STK11 gene was analysed by transfecting the resultant STK11-PGL3 construct (Fig. 2a) into MCF-10 and MCF-7 cells. In MCF-10 cells, basal full-length STK11 promoter activity was increased by 10.5-fold (p value = 0.003) compared to the promoter-less luciferase plasmid pGL3-Basic and 21.75-fold in MCF-7 cells (p value = 0.0013). Also, the promoter activity of STK11 gene in MCF-7 cell was increased approximately twofold as compared to promoter activity of STK11 in MCF-10 cell, the difference in reporter gene activity between the promoters in two cell lines was highly significant (p value = 0.0005) (Fig. 2b) . There was positive correlation between STK 11 expression and STK promoter activity as demonstrated by Spearman non-parametric test (p = 0.048, r 2 = 0.587).
Discussion
Although prognosis of breast cancer patients is generally in their favor and many markers have been elucidated that improved adjuvant therapies still distant metastases is not uncommon. Also, women in advanced stage of the disease have a median survival rate of maximum 2 years only. STK11 gene codes for both nuclear and cytoplasmic serine/ threonine kinases. When nuclear signal of STK11 was mutated to force it to remain in cytosol it retained its tumor suppressor activity in cytosol fully. Recent studies revealed that the expression of STKs is frequently altered in human cancers, suggesting that STKs may play an important role during cancer development (Fok et al. 2012) . In light of ) by reverse transcription. b STK11 mRNA level was 6.63 9 10 10 fold higher in MCF-7 than MCF-10 normal breast epithelial cells. ***p value \ 0.0005 student t test (the gene expression of STK11 in MCF-7 relative to MCF-10) Fig. 2 Luciferase activity in cells measured after 24 h of transient transfection. a Plasmid construct of STK11-pGL3, the dark black region is promoter fragment of 974 bp of STK 11 gene. b MCF-7 and MCF-10 cells were transfected with STK11-PGL3 and pRL-tk expression vectors. The values represent mean ± SD of three independent experiment. **p value \ 0.005 student t-test (compare with promoterless activity), ***p value \ 0.0005 student t test (MCF-7 promoter activity compares with MCF-10 promoter activity). There was significant difference found between STK11-PGL3-MCF7 and STK11-PGL3-MCF10 cells (p value \ 0.005) this, we investigated the functional role of STK11 and have demonstrated that STK11 plays a critical role in breast cancer. We found high expression of STK11 gene in breast cancer cell line as compared to normal breast cell line by reverse as well as real-time PCR contradictory to the study conducted by Linher-Melville et al. 2012 who reported the less expression of LKB1 in MCF-7 cells due to ERa. Other studies reported that the multiple estrogen response elements (EREs) within the human STK11 promoter region are important in the regulation of expression of STK11 by ERa. MCF-7 breast cancer cell (ER-a positive) and have higher mRNA and protein level of STK11 as compared to MDA-231 breast cancer cell (ER-a negative) (Brown et al. 2011) . Our results are concomitant to the previous studies which reported that the STK11 gene plays an important role in ER signaling in breast cancer cells and the activated expression of ER is associated to increased breast cancer risk (Nath-Sain and Marignani 2009). Furthermore, Upadhyay et al. reported that the kinase domain of STK11 mutant can increase the stability of Polyomavirus enhancer activator 3 (PEA3) by interacting the E26 transformationspecific (ETS) domain of PEA3. Further, this interaction helped in the progress of carcinogenesis by the increased expression of the genes involved in metastasis in non-small cell lung cancers (NSCLC) (Upadhyay et al. 2006) . Furthermore, under the stress, energy demand or energy supply imbalance conditions that are typical requirement of the tumor microenvironment leads to increase in the expression of AMPK that alters the cancer cell's flexibility to utilize nutrient glucose directly (Liang and Mills 2013; Herrmann et al. 2011) . Other studies reported that the knockdown of STK11 in MCF-7 and MDA-MB-435 cells induced migration and invasion of breast cancer cells due to which loss of cell polarity and cell-cell adhesion occurs (Li et al. 2014; Zhuang et al. 2006) .
To investigate whether the change in expression is transcriptionally regulated, the promoter reporter assay was done to check the promoter activity of STK11 gene. Our results showed that the promoter activity of STK11 gene was significantly higher in MCF-7 as compared to MCF-10 cell. The increased promoter activity may be due to hypomethylation of CpG site in STK11 promoter, which is in agreement with already reported studies on STK31 gene. STK31 was reactivated in gastrointestinal cancer by promoter hypomethylation, suggesting its potential role in cancer development (Yokoe et al. 2008) . Further, the tumor suppressor genes P27, P53, and retinoblastoma (RB1) showed hypomethylation in promoter in odontogenic myxoma (OM) , that lead to increase in the expression of these genes (Moreira et al. 2011) . Other studies reported the increase in levels of total STK11 mRNA and protein in MDA-MB-231 breast cancer cells cultured in the presence of hormone prolactin (PRL) (Linher-Melville et al. 2011) leading to activation of STK11 promoter by the binding of Signal transducer and activator of transcription (STAT) protein in gamma-activated sequence (GAS) site that was found in distal promoter of STK11 (Linher-Melville and Singh 2014).
Conclusion
In conclusion, STK11 is an important tumor suppressor gene that is activated in breast cancer. The mechanism of activation of gene is highly active promoter. This study can prove beneficial in treatment of breast and broad spectrum of cancers. STK11 gene may serve as a potent and promising target for the development of control of expression directed therapy in breast cancer treatment.
